Evolutionary genomics reveals the premetazoan origin of opposite gating polarity in animal-type voltage-gated ion channels.
Electrical signaling in animals ensures the rapid and accurate transmission of information, often carried by voltage-gated Na(+), Ca(2+) and K(+) channels that are activated by membrane depolarization. In heart and neurons, a distinct type of ion channel called the hyperpolarization-activated, cyclic nucleotide-regulated (HCN) channel is activated by membrane hyperpolarization. Recent genomic studies have revealed that animal-type voltage-gated Na(+) channels (Liebeskind BJ, et al. 2011. Proc Natl Acad Sci U S A. 108:9154) had evolved in choanoflagellates, one of the unicellular relatives of animals. To date, HCN channels have been considered to be animal-specific. Here, we demonstrate the presence of an HCN channel homolog (SroHCN) in the choanoflagellate protist Salpingoeca rosetta. SroHCN contains highly conserved functional domains and sequence motifs that are correlated with the unique biophysical activities of HCN channels. These findings provide novel genomic insights into the evolution of complex electrical signaling before the emergence of multicellular animals.